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BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 



[0003] The present invention relates to microprocessor 
power management, and more particularly to providing means 
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for dynamically adjusting the power consumed by a 

microprocessor in a manner that does not incur undue delays 

and that provides power efficiency benefits over stand- 
alone frequency of voltage modulation techniques, 

DESCRIPTION OF THE RELATED ART 

[0004] Power consumption management is an important 
issue for several types of computing systems, including 
portable devices, laptop computers and the so-called 
"green' 7 computers. Battery life, for example, is a 

significant issue for most laptop computer users. The 
microprocessor consumes a significant amount of power, so 
that it is often the target of power reduction techniques. 
The challenge for microprocessor designers is to provide a 
means for changing the power state of the microprocessor in 
a smooth and relatively seamless fashion, and to complete 
such transition as quickly as possible. Several different 
techniques for modifying the power consumption of a 
microprocessor are known, including, for example, 
dynamically changing the frequency of the microprocessor' s 
core clock signal. The power consumption of a 

microprocessor is proportional to the frequency of its core 
clock signal. 

[0005] FIG. 1 is a simplified block diagram of a 
conventional power management system 100, which illustrates 
how frequency-based power management is accomplished in 
existing microprocessors. A SENSE interface 101 (e.g., 
sense bus or the like) provides one or more power sense 
signals to power management logic 103. The power 
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management logic 103 determines a power state at which the 
microprocessor should be executing based on the immediate 
and/or previous states of the sense signals of the SENSE 
interface 101. Exemplary sense signals on the sense 
interface 101 include, for example, values of machine 
specific registers written by software, such as the 
operating system (OS) software or the like, temperature 
transducers (not shown), remaining power signals, etc. To 
execute at a particular power state, the power management 
logic 103 sets the value of a core ratio (CORERATIO) bus to 
a phase lock loop ( PLL) 105. The PLL 105 generates a CORE 
CLOCK signal as a function of the frequency of a BUS CLOCK 
signal and the value of the CORERATIO bus from the power 
management logic 103, where the CORE CLOCK signal is fed 
back to the PLL 105. A core clock ratio value of three 
(3), for example, would direct the PLL 105 to generate the 
CORE CLOCK signal that is three times the frequency of the 
BUS CLOCK signal. 

[0006] As understood by those skilled in the art, the 
PLL 105 generally multiplies the frequency of the external 
BUS CLOCK signal and generates the CORE CLOCK signal for 
internal use. For example, a 500 megahertz (MHz) BUS CLOCK 
signal is multiplied by eight (e.g., CORERATIO =8) to 
yield a 4.0 gigahertz (GHz) machine during full power 
conditions. The PLL 105 keeps the CORE CLOCK signal in 
phase with the BUS CLOCK signal. The value provided via 
the CORERATIO bus indicates a reduced frequency of 
operation for reduced power levels, such as a 25% power 
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level (CORERATIO = 2), a 50% level (CORERATIO = 4), a 75% 
level (CORERATIO = 6), etc. 

[0007] The conventional power management system 100, 
which provides for dynamically changing the power state of 
a microprocessor, is disadvantageous because the PLL 105 
incurs a significant delay to change from one frequency to 
the next. The delay is often substantial, such as on the 
order of hundreds of clock cycles. The computer system may 
be temporarily suspended during each PLL frequency change 
delay. For example, if an application is running on the 
microprocessor that is performing a relatively simple 
function, such as a DVD decode or the like, it is very 
likely that power can be conserved by running at a reduced 
frequency, such as half-frequency. The power management 
logic 103 detects power sense signals indicating a reduced 
power state and directs the PLL 105 via the CORERATIO bus 
to ramp down in frequency. A commensurate delay occurs 
while the PLL 105 is ramping down. In addition, other 
tasks may be invoked by the OS during or shortly after that 
time, which require immediate changeover back to full 
operating frequency. Such events cause additional delays 
and performance degradation until the PLL 105 ramps back up 
to the full operating frequency. These frequency change 
delays are often detected by the user, in that applications 
may appear to be locked up from time to time. Existing 
frequency modulation techniques, therefore, 

disadvantageously affect overall performance. 
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SUMMARY OF THE INVENTION 

[0008] A frequency-voltage mechanism for power 
management according to an embodiment of the present 
invention includes first and second PLLs, select logic, 
control logic, and voltage control logic. The first PLL 
generates a first source clock signal at a first frequency 
based on a bus clock signal. The second PLL generates a 
second source clock signal at a second frequency based on a 
first frequency control signal and the bus clock signal. 
The select logic selects between the first and second 
source clock signals to provide a core clock signal based 
on a select signal. The clock control logic detects power 
conditions via at least one power sense signal, provides 
the first frequency control signal according to the power 
conditions, and provides the select signal. The voltage 
control logic adjusts the operating voltage commensurate 
with frequency of the core clock signal. 

[0009] It is appreciated that the frequency-voltage 
mechanism provides means for dynamically adjusting the 
power consumed in a manner that does not incur undue delays 
and that provides power efficiency benefits over stand- 
alone frequency or voltage modulation techniques. The 
clock control logic selects one source clock signal while 
ramping the other, and then switches when the second source 
clock signal achieves a desired frequency. Switching is 
effectively instantaneous, such as, for example, within one 
cycle of the bus clock signal. The first PLL may be 
implemented as a fixed-frequency device (e.g., at a maximum 
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frequency level) or as a programmable device similar to the 
second PLL. For example, the first PLL may generate the 
first clock source signal based on a second frequency 
control signal and provide a second lock signal indicative 
thereof. In this case, the clock control logic provides 
the second frequency control signal and receives the second 
lock signal. 

[0010] In various embodiments, the second PLL generates 
a first frequency lock signal when the second source clock 
signal achieves a reduced frequency indicated by the first 
frequency control signal. In this case, the clock control 
logic switches the core clock signal from the first PLL to 
the second PLL in response to the first frequency lock 
signal. The voltage control logic reduces the operating 
voltage after the core clock signal is switched. The 
voltage control logic increases the operating voltage in 
response to increase power conditions, and then clock 
control logic switches to the first PLL after the operating 
voltage is increased. If the first PLL is programmable, 
then the clock control logic further waits for the second 
lock signal before switching. In one embodiment, the clock 
control logic and the voltage control logic cooperate to 
increase the operating voltage prior to increasing 
frequency of the core clock signal and to decrease the 
operating voltage after decreasing frequency of the core 
clock signal. 

[0011] A power supply may be provided that adjusts the 
operating voltage based on a voltage step signal from the 
voltage control logic. The power supply provides a voltage 
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lock signal indicative thereof to the clock control logic. 
Thus, the clock control logic increases frequency of the 
core clock signal only after the voltage has been increased 
to the proper level. 

[0012] A microprocessor according to an embodiment of 
the present invention includes a power condition sense 
interface, an operating voltage interface, first and second 
PLLs, a clock controller, select logic, and a voltage 
controller. The power condition sense interface receives 
at least one power sense signal indicative of power 
conditions. The first PLL generates a first source signal 
at a frequency based on a bus clock signal and a first core 
ratio bus value and provides a corresponding first lock 
signal. The second PLL generates a second source signal at 
a frequency based on the bus clock signal. The clock 
controller provides a select signal for switching between 
the first and second PLLs, provides the first core ratio 
bus value to control frequency of the first source signal, 
and receives the first lock signal. The select logic 
selects between the first and second PLLs based on the 
select signal to provide a core clock signal. The voltage 
controller adjusts operating voltage commensurate with 
frequency of the core clock signal. 

[0013] In various embodiments, the second PLL may be 
fixed or programmable. The clock controller and the 
voltage controller cooperate to decrease operating voltage 
after decreasing frequency of the core clock signal and to 
increase operating voltage before increasing frequency of 
the core clock signal. 
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[0014] A method of frequency-voltage control for 
microprocessor power management includes generating a first 
source clock at a first frequency based on a bus clock 
signal and a first ratio bus value, generating a second 
source clock at a. second frequency based on the bus clock 
signal and a second ratio bus value, sensing power 
conditions, switching core operating frequency between the 
first and second source clock signals based on sensed power 
conditions, and selecting operating voltage commensurate 
with the core operating frequency. 

[0015] The method may further include initially 
selecting the first source clock signal, providing the 
second ratio bus value based on reduced power conditions to 
indicate a reduced frequency, ramping the second source 
clock signal to the reduced frequency in response to the 
second ratio bus value, detecting a first lock indication 
when the second source clock signal achieves the reduced 
frequency, switching to the second source clock signal when 
the lock indication is detected, and reducing operating 
voltage commensurate with the reduced frequency after said 
switching. The method may include switching within one bus 
clock cycle. The method may include sensing increased 
power conditions, increasing operating voltage commensurate 
with the sensed power conditions, and switching to the 
first source clock signal. In this latter case, prior to 
switching to the first source clock signal, the method may 
include determining an increased power level appropriate 
for the increased power conditions, providing the first 
ratio signal indicative of an increased frequency based on 
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the increased power level, ramping the first source clock 
signal to the increased frequency, increasing operating 
voltage commensurate with the increased frequency, and 
detecting a second lock indication when the first source 
clock signal achieves the increased frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The benefits, features, and advantages of the 
present invention will become better understood with regard 
to the following description, and accompanying drawings 
where : 

[0017] FIG. 1 is a simplified block diagram of a 
conventional power management system, which illustrates how 
frequency-based power management is accomplished in 
existing microprocessors; 

[0018] FIG . 2 is a block diagram of a frequency-voltage 
power management system implemented according to an 
embodiment of the present invention; 

[0019] FIG. 3 is a block diagram of another frequency- 
voltage power management system implemented according to an 
alternative embodiment of the present invention; 

[0020] FIG. 4 is a simplified block diagram of a 
microprocessor including either one of the frequency- 
voltage power management systems of FIGs 2 and 3; and 
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[0021] FIG. 5 is a flowchart diagram illustrating 
exemplary operation of the power management system of FIG. 
3 according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0022] The following description is presented to enable 
one of ordinary skill in the art to make and use the 
present invention as provided within the context of a 
particular application and its requirements. Various 
modifications to the preferred embodiment will, however, be 
apparent to one skilled in the art, and the general 
principles defined herein may be applied to other 
embodiments. Therefore, the present invention is not 
intended to be limited to the particular embodiments shown 
and described herein, but is to be accorded the widest 
scope consistent with the principles and novel features 
herein disclosed. 

[0023] The inventors of the present application have 
recognized the need for changing microprocessor clock speed 
in a quick and seamless manner while also changing the 
voltage for purposes of power management. They have 
therefore developed an apparatus and method for frequency- 
voltage mechanism for microprocessor power management, as 
will be further described below with respect to FIGURES 2- 
5. 

[0024] FIG. 2 is a block diagram of a frequency-voltage 
power management system 200 implemented according to an 
exemplary embodiment of the present invention. The power 
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management system 200 includes two PLLs 201 and 203 
operating in parallel (shown as PLL 1 and PLL 2), each 
receiving an external BUS CLOCK signal, such as generated 
on the motherboard of a computer system (not shown) . The 
PLL 201 outputs a first core source clock signal CORE SRC 1 
and the PLL 203 outputs a second core source clock signal 
CORE SRC 2, which signals are provided to respective inputs 
(1 and 2) of a multiplexer (MUX) 205. The CORE SRC 1 
signal is fed back to an input of the PLL 201 in accordance 
with PLL operation, and the PLL 201 maintains the CORE SRC 
1 signal synchronized with the BUS CLOCK signal. In a 
similar manner, the CORE SRC- 2 signal is fed back to an 
input of the PLL 203, which maintains the CORE SRC 2 signal 
synchronized with the BUS CLOCK signal. The output of the 
MUX 205 provides a CORE CLOCK signal to core logic 206, 
where the CORE CLOCK signal is a selected one of the CORE 
SRC 1 and 2 signals based on a select input (S) receiving a 
select signal SEL. The selected CORE CLOCK signal is used 
by the core logic 206 of the microprocessor 400 (FIG. 4) . 

[0025] For the system 200, the PLL 201 is fixed and runs 
continuously and multiplies the frequency of the external 
BUS CLOCK signal by a predetermined multiple to enable full 
operating frequency and full power mode of the 
microprocessor 400. The PLL 203 is programmable to produce 
alternative and usually reduced frequencies that fall 
within a frequency range that is desirable for power 
management purposes. Clock ratio control logic (or 

controller) 207 senses power conditions of the system via 
power sense signals on a SENSE interface 209 (e.g., bus) in 
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a similar manner as described above for the power 
management logic 103. The clock ratio control logic 207 
directs the PLL 203 via a core ratio bus value RATI02 to 
ramp up or down to a specified frequency multiple that 
achieves power management goals for the core logic 206 as 
indicated by the power sense signals. In the particular 
embodiment illustrated, the RATI02 bus value is a multiple 
value relative to the BUS CLOCK signal, although other 
formats are contemplated and is generally considered a 
frequency control signal. The PLL 203 changes frequency in 
response to the RATI02 bus value, and indicates to the 
clock ratio control logic 207 that it is operating at the 
specified frequency by asserting a signal LOCK2 . At this 
point, the clock ratio control logic 207 optionally directs 
the MUX 205 to select CORE SRC 2 as the CORE CLOCK signal 
via the SEL signal if the power conditions for the new 
frequency level are still valid. The transition from CORE 
SRC 1 to CORE SRC 2 is "instantaneous", such as within a 
single cycle of the BUS CLOCK signal. In an alternative 
embodiment, the clock ratio control logic 207 delays for a 
programmable number of clock cycles after setting the value 
of RATI02 and then directs the MUX 205 to select CORE SRC 2 
as the CORE CLOCK signal. In this alternative embodiment, 
signal LOCK2 is not employed. The number of clock cycles 
is programmable via writing to a machine specific register 
(not shown) or via blowing fuses (not shown) on the part. 
Alternatively, the clock ratio control logic 207 comprises 
logic (not shown) within that delays a fixed number of 
clock cycles before switching to CORE SRC 2. 
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[0026] It is noted that the power management system 200 
operates using CORE SRC 1 as the selected CORE CLOCK while 
the PLL 203 is changing until locked at the new target 
frequency, at which time the CORE CLOCK signal is switched 
in a quick and seamless manner. Thus, the transition from 
one power state to the next is instantaneous and 
significantly faster than has been heretofore provided. 
Users benefit from power adjustments without incurring 
undue delay or performance degradation. 

[0027] If the computing environment changes, as 
indicated by the SENSE interface 209, such that full 
operating frequency is once again required during the time 
that the PLL 203 is ramping up or down, then the clock 
ratio control logic 207 does not switch the MUX 205 from 
CORE SRC 1 to CORE SRC 2. In this manner, the 

indeterminate period of the PLL 203 during changeover does 
not cause degradation in performance even if power needs 
change again. Furthermore, after switchover to CORE SRC 2, 
if the computing environment changes such that full power 
is needed or if any other power level is indicated, then 
the clock ratio control logic 207 immediately switches back 
to select the CORE SRC 1 from the PLL 201 as the CORE CLOCK 
signal. Again, the switchover is instantaneous and 

seamless, such as within one cycle of BUS CLOCK. After 
switchover back to the CORE SRC 1, the clock ratio control 
logic 207 re-programs the PLL 203 to any new desired 
frequency level. 

[0028] In the embodiment illustrated, the PLL 201 
remains locked for full power operation so that switchover 
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back to CORE SRC 1 can occur at any time and multiple times 
in a relatively short period. Suppose, for example, that 
power conditions indicate a 50% power level so that the PLL 
203 ramps CORE SRC 2 to a 50% frequency level and the CORE 
CLOCK is switched to CORE SRC 2, and then a 75% level is 
suddenly needed. In this case, the clock ratio control 
logic 207 switches immediately back to select CORE SRC 1 
and then sets the value of the RATI02 bus to indicate a 75% 
level to the PLL 203. Even though more power is 

temporarily consumed than necessary, system delays do not 
occur. When the PLL 203 asserts the L0CK2 signal 

indicating that the CORE SRC 2 clock signal is locked onto 
the 75% frequency level, if the power conditions still 
indicate that the 75% power level is desired, then the CORE 
CLOCK signal is immediately switched to CORE SRC 2. 

[0029] In addition to changing the frequency, present 
day microprocessors also include provisions for modulating 
the voltage that drives core logic. One skilled in the art 
will appreciate that core logic which is operated at a 
lower frequency can also be operated at a lower voltage 
without incurring performance penalties. For instance, 
current CMOS fabrication processes require, say, a 1.5-volt 
core voltage to drive a part at 1 GHz. But when the 
operating frequency is decreased to 500 MHz, a 1.5-volt 
core voltage is not required but instead only 1.1 volt core 
voltages are required. Hence, further power savings are 
available by combining frequency and voltage modulation. 

[0030] The sense interface 209 is further coupled to a 
voltage controller or voltage control logic 211, which is 
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configured to control modulation of the operating voltage 
for the core logic 206 within the microprocessor 400 to 
ensure that power consumption of the microprocessor 400 is 
minimized for a given operating frequency. The clock ratio 
control logic 207 provides the current operating ratio to 
the voltage control logic 211 via one or more signals 
OPRATIO. The voltage control logic 211 provides an 
operating voltage status signal OPVTG to the clock ratio 
control logic 207. The voltage control logic 211 indicates 
via a signal VDDSTEP a desired operating voltage to an 
external power supply, shown as VRM 213, externally coupled 
to the microprocessor 400 via a voltage interface 215. The 
VRM 213 provides the desired operating voltage to the 
microprocessor 400 via power bus VDD coupled through the 
voltage interface 215, where VDD is internally provided to 
the core logic 206. When the VRM 213 has established VDD 
to the desired operating voltage, it asserts a signal 
VDDLOCK, which signal is internally routed from the voltage 
interface 215 to the clock ratio control logic 207. 

[0031] During the time that the PLL 203 is ramping up or 
down, or if the computing environment otherwise changes 
such that full operating ratio is required, as indicated 
over the SENSE interface 209, then the clock ratio control 
logic 207 directs the MUX 205 via the SEL signal to 
continue using CORE SRC 1 as the CORE CLOCK signal. If the 
computing environment changes following switchover to CORE 
SRC 2 and a lower voltage, then the voltage control logic 
211 asserts the VDDSTEP signal to increase the operating 
voltage VDD to a voltage commensurate with a full operating 
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ratio. The VRM 215 receives the VDDSTEP signal, increases 
the VDD signal accordingly, and asserts the VDDLOCK signal 
when the VDD signal is stable. The clock ratio control 
logic 207 detects via the OPVTG signal the command to 
increase operating voltage. The clock ratio control logic 
207 detects the VDDLOCK signal and switches the SEL signal 
to select the PLL 201 and the CORE SRC 1 signal as the CORE 
CLOCK signal. In an alternative embodiment, the clock 
ratio control logic 207 delays for a programmable number of 
clock cycles after receiving OPVTG from the voltage control 
logic 211 and then directs the MUX 205 to select CORE SRC 1 
as the CORE CLOCK signal. In this alternative embodiment, 
signal VDDLOCK is not employed. The number of clock cycles 
is programmable via writing to a machine specific register 
(not shown) or via blowing fuses (not shown) on the part. 
Alternatively, the clock ratio control logic 207 comprises 
logic (not shown) within that delays a fixed number of 
clock cycles before switching to CORE SRC 1. 

[0032] The voltage control logic 211 and the clock ratio 
control logic 207 cooperate to ensure that the operating 
voltage (i.e., VDD) is sufficient to support the existing 
frequency and the new frequency of the CORE CLOCK signal. 
Thus, the operating voltage is decreased after the 
frequency of the CORE CLOCK signal is decreased, and the 
operating voltage is increased before the frequency of the 
CORE CLOCK signal is increased. In this manner, the 
frequency of the CORE CLOCK signal is not increased beyond 
the appropriate level for the operating voltage. 
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[0033] The present invention also contemplates 
embodiments where both frequency and voltage (if required) 
are changed following changes of the computing environment 
as indicated over the SENSE interface 209. According to 
these embodiments, if the SENSE interface 209 indicates 
that frequency is to be lowered, the clock ratio control 
logic directs a decrease in the frequency of the CORE CLOCK 
signal along with a decrease in operating voltage, and then 
waits for assertion of LOCKx and VDDLOCK (or delays a 
number of clock cycles), and then switches to the new CORE 
SRC x for the CORE CLOCK. Only after the change is made, 
do these embodiments detect new changes over the SENSE 
interface 209. Consequently, if the computing environment 
changes during the time that a PLL 201, 203 is ramping up 
or down, or during the time that the VRM 213 is ramping up 
or down, the change will not be detected over the SENSE 
interface 209 until after the CORE CLOCK (and VDD, if 
required) is switched. 

[0034] FIG. 3 is a block diagram of another frequency- 
voltage power management system 300 implemented according 
to an alternative embodiment of the present invention. The 
system 300 is similar to the system 200 in which like 
components assume identical reference numbers. For the 
system 300, the PLL 201 is replaced by a programmable PLL 
301, which is similar in configuration and function to the 
PLL 203. The clock ratio control logic 207 provides 
another ratio bus RATIOl to the PLL 301 to program the 
frequency of CORE SRC 1 in a similar manner as previously 
described for PLL 203. The PLL 301 provides a lock signal 
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LOCK1 back to the clock ratio control logic 207 when the 
CORE SRC 1 signal is locked onto the frequency indicated by 
the value of the RATIOl bus. The clock ratio control logic 
297 includes provisions to monitor the VDDLOCK and LOCK1 
signals to ensure that both operating voltage and the PLL 
301 are locked prior to switching over to CORE SRC 1 as the 
CORE CLOCK signal. The system 300 provides the added 
flexibility in that the CORE SRC 1 signal is not fixed but 
instead may be programmed to any frequency other than the 
maximum operating frequency. Switching operation is 

similar in that the voltage control logic 211 and the clock 
ratio control logic 207 cooperate to ensure that the 
operating voltage (i.e., VDD) is sufficient to support the 
existing frequency and the new frequency of the CORE CLOCK 
signal as previously described. 

[0035] In addition to the above embodiment, as described 
above with reference to FIGURE 2, the present invention 
envisions embodiments where the clock ratio control logic 
207 waits for a fixed or programmable number of clock 
cycles before switching in lieu of employing the lock 
signals LOCK1, LOCK2, VDDLOCK. Moreover, an embodiment is 
comprehended where the CORE CLOCK (and operating voltage, 
if required) is switched following detection of a computing 
environment change via the SENSE interface 209 before again 
monitoring the SENSE interface 209 for subsequent change to 
the computing environment. 

[0036] FIG. 4 is a simplified block diagram of the 
microprocessor 400 including the frequency-voltage power 
management system 200 or 300. One or more pins 401 of the 
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microprocessor 400 receive the BUS CLOCK signal from an 
external source, such as generated on the motherboard of a 
computer system, where the BUS CLOCK signal is provided to 
the power management system 200/300 within the 
microprocessor 400. The PLLs 201 or 301 and 203 within the 
power management system 200/300 keep the CORE CLOCK signal 
in phase with the BUS CLOCK signal. Another external 
interface 403 including one or more pins receives external 
sense signals which are provided to the power management 
system 200/300 via the sense interface 209. The external 
sense signals may include, for example, signals generated 
by temperature transducers or the like, remaining power 
signals (e.g., indicating low battery power), or any other 
power sense signals as known to those skilled in the art. 
The SENSE interface 209 may also receive internal sense 
signals, such as from internal registers 405 or the like. 
The operating system of a computer system including the 
microprocessor 400, for example, may set one or more bits 
of one or more of the registers 405 to command a new power 
level for the microprocessor 400. The voltage interface 
215 is also shown coupled to the VRM 213 via the VDDSTEP, 
VDDLOCK and VDD signals as previously described, where VDD 
is internally provided as the operating voltage to the core 
logic 206. 

[0037] The power management system 200/300 responds to 
changes in power conditions by modifying the frequency of 
the CORE CLOCK signal and the voltage of VDD as previously 
described. The system 200 enables switching between a 
programmed frequency and the maximum frequency and the 
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system 300 enables switching between any two programmed 
frequencies . 

[0038] FIG. 5 is a flowchart diagram illustrating 
exemplary operation of the power management system 300 
according to an embodiment of the present invention. 
Operation of the power management system 200 is similar and 
somewhat simplified as described below. At first block 501 
the power management system 300 is initialized. At next 
block 503, the clock ratio control logic 207 sets the value 
of the RATIOl bus and selects the CORE SRC 1 signal as the 
CORE CLOCK signal as an initial default for full power 
mode. Also at block 503, the voltage control logic 211 
asserts VDDSTEP to select VDD to be the maximum operating 
voltage as default for full power mode. At next block 505, 
the power sense signals received via the SENSE interface 
209 are scanned to determine whether a new and different 
power level is indicated. Operation proceeds to query 
block 507 in which it is determined whether the power level 
should be changed based on the processing at block 505. If 
the current power level is appropriate, then operation 
proceeds to query block 508 to determine whether to reduce 
VDD and if so, to block 510 in which VDDSTEP is changed or 
decreased to reduce VDD. As described below, VDD may be 
increased in anticipation of increasing the frequency for 
increased power, but if the power situation changes so that 
the increased power level is no longer needed, then block 
510 is provided to reduce VDD back to the appropriate 
level. From either blocks 508 or 510, operation loops back 
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to block 505 and operation loops between blocks 505, 507 
and 508 as long as the current power level is appropriate. 

[0039] If a new power level is needed as determined at 
block 507, then operation proceeds instead to query block 
509 to determine whether the power is to be increased from 
the current level. If power is at a reduced level and is 
to be increased, then operation proceeds to block 511 in 
which the VDDSTEP signal is changed or increased to 
increase the VDD voltage level appropriate for the new 
power level. After the VDDSTEP signal is asserted at block 
511, or if power is not being increased as determined at 
block 509 (i.e., power is being decreased), operation 
proceeds to query block 513 to determine if the CORE SRC 1 
signal is currently selected. If the CORE SRC 1 signal is 
currently selected as determined at block 513, then 
operation proceeds to block 515 in which the clock ratio 
control logic 207 sets the value of the RATI02 bus to the 
appropriate level to program the PLL 203 to a new frequency 
level. Operation proceeds to next query block 517 in which 
it is determined whether the L0CK2 and the VDDLOCK signals 
have both been asserted by the PLL 203 and the VRM 213, 
respectively. Since it may take several CORE CLOCK cycles 
for the PLL 203 to lock to the new frequency, the LOCK2 
signal is usually not asserted immediately. If the VDDSTEP 
signal was not changed at block 511, then VDD is presumably 
stable and the VDDLOCK signal is already asserted. If the 
VDDSTEP signal was changed at block 511, then the VDDLOCK 
signal may not yet be asserted at this time. It is desired 
to wait until the VDDLOCK signal is asserted before 
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increasing the frequency of the CORE CLOCK signal to 
effectuate an increase in power level. 

[0040] Rather than wait for the VDDLOCK and L0CK2 
signals, operation loops back to block 505 to rescan and 
process the power sense signals. While it is still desired 
to change to the new power level, operation loops between 
blocks 505, 507, 509, 513, 515, and 517 until the L0CK2 and 
VDDLOCK signals are both asserted. If and when both LOCK2 
and VDDLOCK signals are detected asserted at block 517, 
operation proceeds to block 519 in which the clock ratio 
control logic 207 switches to select the CORE SRC 2 signal 
as the CORE CLOCK signal. Operation then proceeds to query 
block 521 to determine if the frequency level was 
decreased. If the frequency level was decreased, then 
operation proceeds to block 523 in which the voltage 
control logic 211 changes the VDDSTEP signal to reduce VDD 
to the appropriate level for the new frequency level of the 
CORE CLOCK signal. After the VDDSTEP signal is changed at 
block 523, or if the frequency was not decreased as 
determined at block 521, operation loops back to block 505. 

[0041] Referring back to block 513, if the CORE SRC 1 
signal is not currently selected, then operation proceeds 
instead to block 525 in which the clock ratio control logic 
207 set the value of the RATI01 bus to the appropriate 
level to program the PLL 301 to a new frequency level. 
Operation proceeds to next query block 527 in which it is 
determined whether the LOCK1 and the VDDLOCK signals have 
both been asserted by the PLL 301 and the VRM 213, 
respectively. Since it may take several CORE CLOCK cycles 
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for the PLL 301 to lock to the new frequency, or for the 
VDD signal to change if it is being increased, operation 
initially loops back to block 505. Rather than wait for 
the VDDLOCK and LOCK1 signals, operation loops back to 
block 505 to rescan and process the power sense signals in 
a similar manner as previously described. While it is 
still desired to change to the new power level, operation 
loops between blocks 505, 507, 509, 513, 525 and 527 until 
the LOCK1 and VDDLOCK signals are both asserted. If and 
when both LOCK1 and VDDLOCK signals are detected asserted 
at block 527, operation proceeds to block 529 in which the 
clock ratio control logic 207 switches to select the CORE 
SRC 1 signal as the CORE CLOCK signal. Operation then 
proceeds to query block 521 to determine if the frequency 
level was decreased, as previously described, to determine 
whether to change the VDD signal at block 523. 

[0042] It is noted that the currently selected CORE SRC 
1 or CORE SRC 2 signal remains selected if a new power 
level is indicated (at block 507) and while the PLL 203 or 
301 is ramping up or down to the new frequency level. The 
clock ratio control logic 207 switches the CORE CLOCK 
signal only after the ramping PLL is locked onto the new 
frequency level, VDD is locked, and as long as the new 
power level is still valid. Note, for example, that if the 
PLL 301 is selected and the PLL 203 is ramping to achieve a 
different power level and then a different power is 
suddenly needed, as detected at block 505 in the loop while 
waiting for assertion of LOCK2, then block 507 determines 
whether the current power level matches the new power 
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level. If so, operation loops between blocks 505, 507 and 
508. As previously noted, if the VDDSTEP signal was 
changed to increase VDD at block 511 and then, prior to 
VDDLOCK being asserted, it is determined at block 507 that 
the current power level is once again valid, then block 510 
provides for reducing VDD back to the appropriate level for 
the current frequency of the CORE CLOCK signal. 

[0043] The flowchart is simplified for the power 
management system 200 in that block 525 is not necessary 
and operation proceeds directly to block 527. Also, only 
the VDDLOCK signal is examined at block 527 since the PLL 
201 remains synchronized at the maximum frequency for 
maximum power. Furthermore, after switching at block 529, 
operation may proceed directly back to block 505 from block 
527 since VDD is switched back to the maximum power level 
once VDDLOCK is asserted and it is not necessary to reduce 
VDD. For the system 200, only the PLL 203 is programmed to 
select a reduced power mode and the PLL 201 is temporarily 
selected while the PLL 203 is ramping to a new frequency 
level to effectuate the new power level. 

[0044] In any of the scenarios presented, switching 
occurs instantaneously so that the microprocessor 400 is 
not suspended at any time. In this manner, the user 
benefits from low power modes without experiencing system 
suspension or apparent application lock-up. 

[0045] Although the present invention has been described 
in considerable detail with reference to certain preferred 
versions thereof, other versions and variations are 
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possible and contemplated. For example, although the 
present invention is illustrated for use with 
microprocessors, other circuit devices are contemplated. 
Also, the power management controller may be implemented 
externally for controlling multiple devices. Finally, 
those skilled in the art should appreciate that they can 
readily use the disclosed conception and specific 
embodiments as a basis for designing or modifying other 
structures for providing out the same purposes of the 
present invention without departing from the spirit and 
scope of the invention as defined by the appended claims. 



[0046] What is claimed is: 



